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LOW POWER MULTIPLIER FOR CPU AND 
DSP 

TECHNICAL FIELD 

This invention relates to the processors, and more 
particularly, to multipliers for use in central processing units 
and digital signal processors. 

BACKGROUND OF THE INVENTION 

HardWare-based multipliers are often added to digital 
signal processors (DSP) and central processing units (CPU) 
to speed up the multiplication function, and thus speed up 
application execution. Typically, in DSPs and CPUs, the 
operands are loaded into respective registers, and are then 
supplied to the execution unit to have the appropriate 
operation performed. The execution unit is often made up of 
one or more function units, each of Which has access to the 
operands stored in the registers, and Which performed a 
particular dedicated function, e.g., add, Boolean arithmetic, 
or multiplication. The longest time taken by any of the 
function units represents the critical path of the execution 
unit, and determines the maximum speed of the execution 
unit. Since all the function units have access to the operands 
in parallel, all the function units perform their respective 
function each cycle of the execution unit. HoWever, only the 
result from the function unit speci?ed by the instruction 
currently being executed is supplied as the output of the 
execution unit. As a result, much Work is performed, and 
poWer is consumed so doing, although only a small fraction 
of that consumed poWer contributes to the production of a 
bene?cial result. In particular, the multiplier function unit, 
consumes the lion’s share of the poWer, While it is often used 
only a small percentage of the time. 

KnoWn approaches to reducing the poWer used by the 
multiplier is to logically gate one or more of its inputs With 
a control signal that is responsive to the instruction type, 
Where inputs are supplied to the multiplier only When 
multiplication is actually being performed. The most com 
monly used type of multiplier makes use of Booth encoding 
of one of the operands. It is knoWn that gating the Booth 
encoded input yields the loWest poWer consumption in the 
multiplier. In addition, it is also Well knoWn that the critical 
path of the multiplier is along the path through the Booth 
encoder. As a result, disadvantageously, gating this input 
Would add delay to the multiplier, and hence sloW doWn the 
speed of the entire execution unit. 

SUMMARY OF THE INVENTION 

I have recogniZed that by gating the NEG output of the 
Booth encoding circuit and the multiplicand input that 
sWitching activity in the multiplier is minimiZed yet no delay 
is added to the multiplier’s critical path. Advantageously, 
poWer consumption in the multiplier is signi?cantly 
reduced, e.g., on the order of 90%, When multiplication is in 
fact not being performed. Additionally, by changing the 
structure of the last XOR gate of the partial product gen 
eration circuit, the need to gate the multiplicand input can be 
eliminated. Advantageously, this eliminates the extra cir 
cuitry Which Would otherWise be required to gate the mul 
tiplicand input, thus reducing cost. Furthermore, additional 
poWer savings may be achieved by efficiently resynchroniZ 
ing the multiplicand input With the Booth encoded input to 
the partial product circuit. 
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2 
BRIEF DESCRIPTION OF THE DRAWING 

In the draWing: 
FIG. 1 shoWs an exemplary prior art basic partial product 

circuit; 
FIG. 2 shoWs an exemplary partial product circuit 

arranged in accordance With the principles of the invention; 
and 

FIG. 3 shoWs an implementation of the invention using 
transmission gates. 

DETAILED DESCRIPTION 

Before describing the gating of the NEG output of the 
Booth encoding circuit and the multiplicand input to mini 
miZe sWitching activity in the multiplier Without adding any 
delay to the critical path thereof, in accordance With the 
principles of the invention, it is useful to understand the 
prior art partial product circuit to Which the gating of the 
invention is applied. Therefore, FIG. 1 shoWs an exemplary 
prior art basic partial product circuit 101 Which takes a) the 
outputs X1, X2 and NEG of a Booth encoder (not shoWn) 
Which is encoding three bits of the multiplier and b) tWo 
adjacent bits of multiplicand, Ai and Ai_1, and computes one 
bit of a partial product, output PP. Note that a Booth encoder 
is a special encoder Which is used to speed up the multipli 
cation process. Booth encoders, their structure and use in 
multipliers are described by N. Weste and K. Eshraghian on 
pages 547—554 of Principles of CMOS VLSI Design, 2nd 
Ed., Addison Wesley, 1992, Which is incorporated by refer 
ence as if fully set forth herein. Note that Booth encoders are 
referred to therein as Booth recoders. The partial products 
generated by each partial product circuit in the multiplier are 
then further combined to form the overall output of the 
multiplier, as is Well knoWn. 

The operation of the partial product circuit, in brief, is as 
folloWs. Via AND gate 103 signal X1 selects signal Ai and 
via AND gate 105 signal X2 selects signal Ai_1. The outputs 
of AND gates 103 and 105 are logically ORed by OR gate 
107 to generate internal signal X. The NEG output of the 
Booth encoder is supplied as an input to XOR gate 109, 
Which supplies as its output signal PP. Signal PP takes the 
value of X When NEG has a value of logic 0 or the 
compliment of the value of X When NEG has a value of logic 
1. 

We have recogniZed that because the critical path of this 
partial product circuit passes through AND gates 103 and 
105, as Well as OR gate 107, prior to arriving at XOR gate 
109, the value of signal NEG may be supplied someWhat 
later than the values of X1 and X2 Without impacting on the 
promptness of the determination of PP at XOR gate 109. 
Therefore, in the exemplary partial product circuit of FIG. 2, 
Which is arranged in accordance With the principles of the 
invention, the NEG signal is gated With signal ENABLE 
using AND gate 211 prior to supplying the gated result, 
Which is the value of the NEG signal When signal ENABLE 
is a logic 1 and a logic 0 otherWise, to XOR gate 109. Thus, 
When signal ENABLE is a logic 0, the value of signal NEG 
is ignored, and in fact is alWays a logic 0. HoWever, the value 
signal of signal X may still change, resulting in transitions 
at output PP. 
We have also recogniZed that, to avoid delay in the 

operation of the partial product circuit, inputs Ai and Ai_1 are 
must be available at least by the time that values X1 and X2 
are available. Since Ai and Ai_1 are typically not encoded 
and are available at the same time that the multiplier input 
is supplied to the Booth encoder, they may be gated by logic 
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circuits that operate at least as fast as the portion of the 
Booth encoder that generates X1 and X2 prior to being 
supplied to AND gates 103 and 105, Without causing a delay 
in the determination of PP. Such a gating is shoWn being 
performed in FIG. 2 by AND gates 213 and 215. Note that 
AND gates 213 and 215 operate faster than the portion of the 
Booth encoder that generates X1 and X2. When signal 
ENABLE is a logic 1, signals Ai and Ai_1 arrive unchanged 
at gates 103 and 105, With a delay that does not reduce the 
operation speed of partial product circuit 201. HoWever, 
When signal ENABLE is a logic 0, the values of Ai and Ai_1 
are masked, and instead of their values logic 0s are supplied 
to AND gates 103 and 105. As a result, the value of X is a 
logic 0, regardless of the values of X1 and X2. Thus, as both 
inputs to XOR gate 109 are logic Us, the output PP is also a 
logic 0. 

Note that if only Ai and Ai_1 Were masked, the value of 
NEG could result in poWer consuming transitions at output 
PP. Likewise, if only the value of NEG Were masked, 
changes in the values of Al, Ai_1, X1, and X2 could result in 
poWer consuming transitions at output PP. 

Note that the principles of the invention may be applied 
With different numerical representations of the numbers 
being multiplied or When different gate families are used to 
implement the partial product circuit. 

Additionally, the need for enabling gates for signals A, 
and Ai_1 may be eliminated, in accordance With an aspect of 
the invention, by changing the structure of the XOR gate 
109. More speci?cally, a so-called transmission gate XOR is 
employed in lieu of a conventional XOR gate for XOR gate 
109. Similarly, if the numerical representations of the num 
bers being multiplied or When different gate families are 
used to implement the partial product circuit are employed, 
a transmission gate XNOR may be employed to the same 
end. 

Note that transmission gates are described by N. Weste 
and K. Eshraghian on pages 304—305 of Principles of CMOS 
VLSI Design, 2” Ed., Addison Wesley, 1992, Which is 
incorporated by reference as if fully set forth herein. Also, 
transmission gates may be combined to form a multiplexor, 
as described by N. Weste and K. Eshraghian on pages 
291—294 of Principles of CMOS VLSI Design, 2” Ed., 
Addison Wesley, 1992, Which is incorporated by reference 
as if fully set forth herein. 

FIG. 3 shoWs an implementation of the invention using 
transmission gates that does not require gating of signals A, 
and Ai_1. ShoWn in FIG. 3 is only the portion of the partial 
product circuit after the generation of signal X. Transmis 
sion gates 331 and 333 form a tWo input multiplexer the 
output of Which is controlled by signal NEG and its comple 
ment NEGB When signal ENABLE is a logic 1. By supply 
ing signal X to one input of the multiplexer and employing, 
inverter 335 to supply the inverse of signal X to the other 
input of the multiplexer, the combination of the multiplexer 
and inverter acts as an XOR gate. This is true so long as the 
control signals to transmission gates 331 and 333 are 
complementary, i.e., When signal ENABLE is a logic 1, so 
that transmission gate 331 is supplied With signal NEG 
While transmission gate 333 is supplied With signal NEGB. 
HoWever, When signal ENABLE is a logic 0, both control 
signals to the multiplexer formed by transmission gates 331 
and 333 are brought to logic 0 by the action of AND gates 
345 and 347. This causes both of transmission gates 331 and 
333 to be off, resulting in the output PP essentially being 
tri-stated. 

It is necessary to supply some stable value at point PP in 
order to keep poWer from being consumed. In one embodi 
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4 
ment of the invention, the value of PP may be asserted to 
either a logic 1 or a logic 0. HoWever, doing so may result 
in unnecessary poWer consuming transitions. For example, if 
the value of PP Was a logic 0 prior to signal ENABLE being 
brought to a logic 0, and the value of PP is asserted to a logic 
1, a transition from logic Zero to logic 1 Will occur. This may 
be avoided, in accordance With a further aspect of the 
invention, by employing bus keeper circuit 343 to maintain 
the value at PP at Whatever value Was there prior to signal 
ENABLE signal becoming a logic 0. 

Furthermore, additional poWer savings may be achieved 
by resynchroniZing the multiplicand input With the Booth 
encoded input to the partial product circuit. To this end, 
signal ENABLE When it is a logic 0 and it is returning to a 
logic 1 is delayed from being supplied as a logic 1 to AND 
gates 345 and 347 until signal X reaches a stable value. 
Doing so insures that spurious transitions caused by the 
computation of X cannot pass to output PP. Note that this 
technique is especially useful With multipliers Which employ 
a Wallace adder tree. 

The foregoing merely illustrates the principles of the 
inventions. It Will thus be appreciated that those skilled in 
the art Will be able to devise various arrangements Which, 
although not explicitly described or shoWn herein, embody 
the principles of the invention and are included Within its 
spirit and scope. 
What is claimed is: 
1. A multiplier including a Booth encoder circuit for 

encoding a ?rst operand and an input for receiving a second 
operand, said multiplier being characteriZed by: 

a ?rst gate for controlling the passing of the NEG output 
of the Booth encoding circuit to a partial product 
generation circuit of said multiplier; and 

a second gate for controlling the passing of said second 
operand to said product generation circuit of said 
multiplier. 

2. The invention as de?ned in claim 1 Wherein said ?rst 
gate and said second gate are controlled by a common 
control signal. 

3. The invention as de?ned in claim 1 Wherein said ?rst 
gate and said second gate are controlled by a common 
control signal, said control signal assuming a ?rst value to 
prevent passing of said NEG output and said operand during 
a ?rst operating condition and to permit passing of said NEG 
output and said operand during a second operating condi 
tion. 

4. The invention as de?ned in claim 3 Wherein said ?rst 
operating condition is When multiplication is not being 
performed and said second operating condition is When 
multiplication is being performed. 

5. A method for preventing the performance of multipli 
cation in a multiplier having a Booth encoder circuit for 
encoding a ?rst operand and an input for receiving a second 
operand, said method comprising the steps of: 

masking the NEG output of the Booth encoder circuit to 
a partial product generation circuit of said multiplier 
When no multiplication operation is required; and 

masking the passing of said second operand to said 
product generation circuit of said multiplier When no 
multiplication operation is required. 

6. The invention as de?ned in claim 5 Wherein both of said 
masking steps are performed in response to receipt of a 
common control signal. 

7. Apartial product circuit for use in a multiplier including 
a Booth encoder circuit for encoding a ?rst operand, said 
partial product circuit comprising: 



6,065,032 
5 

a multiplexer and inverter con?gured as a tri-statable 
XOR gate; and 

a masking circuit for controllably masking the control 
signals for said multiplexer Whereby said tri-statable 
XOR gate is tri-stated When said control signals are 
masked. 

8. The invention as de?ned in claim 7 further comprising 
a bus keeper circuit to maintain a value at an output of said 
tri-statable XOR gate Which existed just prior to said XOR 
gate becoming tri-stated. 

9. The invention as de?ned in claim 7 Wherein said 
masking circuit further includes at least one controllable 
delay for delaying unmasking of said control signals. 

10. The invention as de?ned in claim 7 Wherein said 
multiplexer is formed from tWo transmission gates. 

11. The invention as de?ned in claim 10 Wherein control 
signals for said multiplexer correspond to a NEG output 
from said Booth encoder and a complement of said NEG 
output and Wherein a ?rst of said transmission gates is 
supplied With said NEG output from said Booth encoder and 
a second of said transmission gates is supplied With said 
complement of said NEG output. 

12. A method for preventing the performance of multi 
plication in a multiplier having a Booth encoder circuit for 
encoding a ?rst operand and an input for receiving a second 
operand, said method comprising the steps of: 

masking a NEG output of the Booth encoder circuit to a 
partial product generation circuit of said multiplier 
When no multiplication operation is required; and 

masking a complement of said NEG output of the Booth 
encoder circuit to a partial product generation circuit of 
said multiplier When no multiplication operation is 
required. 

13. A method for preventing the performance of multi 
plication in a partial product circuit of a multiplier, said 
partial product circuit including a tri-statable XOR gate, said 
method comprising the step of tri-stating said tri-statable 
XOR gate When no multiplication operation is required. 
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14. The invention as de?ned in claim 13 further including 

the step of delaying untri-stating of said tri-statable XOR 
gate When multiplication operation is required and said 
tri-statable XOR gate had been tri-stated until the partial 
product output signal that is as yet unprocessed With regard 
to an NEG signal form a Booth encoder has assumed a stable 
value. 

15. A partial product circuit for use in a multiplier 
including a Booth encoder circuit for encoding a ?rst 
operand, said partial product circuit comprising: 

a ?rst gate for controlling the passing of the NEG output 
of the Booth encoding circuit to a partial product 
generation circuit of said multiplier; and 

a second gate for controlling the passing of said second 
operand to said product generation circuit of said 
multiplier. 

16. A processor comprising: 
operand storage; and 
a multiplier; 

Wherein said multiplier is characteriZed by 
a ?rst gate for controlling the passing of a NEG output 

of a Booth encoding circuit to a partial product 
generation circuit ot said multiplier; and 

a second gate for controlling the passing of said second 
operand to said product generation circuit of said 
multiplier. 

17. A partial product circuit for use in a multiplier 
including a Booth encoder circuit for encoding a ?rst 
operand, said partial product circuit comprising: 
means for controlling the passing of the NEG output of 

the Booth encoding circuit to a partial product genera 
tion circuit of said multiplier; and 

means for controlling the passing of said second operand 
to said product generation circuit of said multiplier. 

* * * * * 


